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Abstract
We construct the component action of the system including an ordinary
matter and a nilpotent multiplet in global and local supersymmetric frame-
work. The higher dimensional operators of not only Goldstino but also matter
and gravitino fields are shown, which appear due to nonlinearly realized su-
persymmetry.
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1 Introduction
Supersymmetric (SUSY) theory has been studied as a possible candidate of new physics, a
solution for the naturalness problem, and an effective theory of superstring. Phenomenolog-
ical and cosmological SUSY models have been proposed in many kinds of literature so far.
In such models, the SUSY breaking in the early and the present universe is important to
realize e.g. inflation and dark energy.
Recently, the SUSY breaking model by introducing a nilpotent chiral multiplet Xˆ , which
is called the Volkov-Akulov (VA) multiplet [1, 2, 3], attracts attention. VA multiplet satisfies
the superfield constraint Xˆ2 = 0 [2, 3] and its scalar component X becomes X ∼ GαGα/FX
where Gα and F
X are the fermionic and auxiliary components of X respectively. Such a
multiplet breaks SUSY spontaneously, however, the absence of the scalar component avoids
some problems associated with SUSY breaking scalar fields (sGoldstino) [4, 5, 6, 7, 8, 9,
10, 11, 12]. For example, the destabilization of a so-called stabilizer during inflation, and
also the moduli problem caused by the oscillation of sGoldstino can be avoided in models
with a VA multiplet. The VA multiplet is also regarded as an effective action of the anti-
D3 brane [13, 14, 15, 16], which plays an important role in models of moduli stabilization
in superstring theory, such as KKLT model [17] and LARGE volume scenario [18]. In
the context of the phenomenology, the system with a VA multiplet coupled to minimal
supersymmetric standard model (MSSM) has been also studied in Refs. [19, 20, 21, 22, 23]
The properties of the VA multiplet has also been studied from the theoretical view-
point [24, 25]. In Refs [26, 27], it is shown that the VA multiplet is an effectively realized in
the decoupling limit of the sGoldstino. Constrained complex linear multiplet has also been
investigated as a Goldstone multiplet [28, 29, 30].
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In this work, we construct the action of the VA multiplet coupled to a matter multi-
plet and supergravity (SUGRA). There are some literatures in which the action of the VA
multiplet coupled to matter has been studied [19, 20, 21, 22, 23], however, most of them
are models in global SUSY, and the action of a VA multiplet in SUGRA is known only
in the SUSY gauge Gα = 0 [31, 32, 33], which is not suitable for the case where SUSY is
broken by some scalar fields, that is, the Goldstino is a linear combination of the VA fermion
Gα and fermionic components of other SUSY breaking multiplets. Therefore, we construct
the action in SUGRA without any SUSY gauge conditions, which would be useful for e.g.
an investigation of the reheating and the gravitino production in inflation models with the
VA multiplet. As we will show, in the case without any SUSY gauge conditions, higher
order interactions associated with the VA fermion appear, which may affect the high scale
phenomena, such as reheating processes in the early universe.
The remaining parts of this paper are as follows. First, in Sec. 2, we show a systematic way
to construct the action with the VA multiplet, which is somewhat complicated because of the
unusual structure of equation of motion (E.O.M) of the auxiliary field FX . As demonstrations
of our method, we show the VA action with and without a matter multiplet in global SUSY
case and find that the VA action is reproduced. Then, we construct the VA multiplet action
coupled to SUGRA and a matter multiplet in Sec. 3. Finally, we conclude in Sec. 4.
2 VA multiplet action in global SUSY
2.1 Case without matter multiplets
First, we discuss the action of the VA multiplet as a demonstration of our systematic way
to construct it. In this section, we use the notation in Ref. [34]. The VA multiplet Xˆ =
X(y) +
√
2θG(y) + θθFX(y), where ya = xa + iθσaθ¯ and a is the index of the Minkowski
spacetime, satisfies a superfield constraint
Xˆ2 = 0. (2.1)
The constraint can be solved in terms of the scalar component X and we obtain
X =
G2
2FX
. (2.2)
The action we discuss is
L =
∫
d4θXˆ
¯ˆ
X +
(∫
d2θfXˆ + h.c.
)
=i∂aG¯σ¯
aG+ FXF¯ X¯ − ∂aX¯∂aX + (fFX + h.c.)
=i∂aG¯σ¯
aG+ FXF¯ X¯ − ∂a
(
G¯2
2F¯ X¯
)
∂a
(
G2
2FX
)
+ (fFX + h.c.) (2.3)
2
where f is a complex constant.1 To obtain the on-shell action, we have to solve the E.O.M
of FX , which can be obtained by the variation of F¯ X¯ ;
FX − G¯
2
2(F¯ X¯)2
∂2
(
G2
2FX
)
+ f¯ = 0. (2.4)
This equation is nonlinear with respect to FX and F¯ X¯ , and then it is difficult to solve
the equation. However, without loss of generality, we can assume that the solution of the
equation takes a form
FX = A +BG2 + CG¯2 +DG2G¯2, (2.5)
where A, B, C and D are the complex function of quantities other than G2 and G¯2. The
ansatz can be confirmed by the fact that Gα and G¯α˙ are the Grassmann number, and the
indices α and α˙ run over only 1 and 2. Then, e.g. G3, G¯3 vanish identically. Thus, the
ansatz (2.5) is a general expression of the solution. By substituting the ansatz (2.5) into the
E.O.M (2.4), we obtain the following equation,
A+BG2 + CG¯2 +DG2G¯2
=− f¯ + ∂
2G2
4A¯|A|2 G¯
2 −
(
C∂2G¯2
4|A|4 +
C¯∂2G2
2A¯2|A|2
)
G2G¯2
− ∂a(G
2)∂aA
2|A|4 G¯
2 − A
4|A|4G
2G¯2 +
∂aA∂
aA
2|A|4A G
2G¯2, (2.6)
Comparing the coefficients of the series of G2 and G¯2 on the left-hand side with one of the
right-hand side, we obtain the following set of the solution,
A = −f¯ , B = 0, C = − f¯
4|f |4∂
2G2, D =
3f¯
16|f |8∂
2G2∂2G¯2, (2.7)
and, therefore, we obtain the exact solution of FX as
FX = −f¯
(
1 +
1
4|f |2 G¯
2∂2G2 − 3
16|f |8G
2G¯2∂2G2∂2G¯2
)
. (2.8)
Using the solution, we obtain the on-shell Lagrangian in Eq. (2.3),
L = i∂aG¯σ¯aG− |f |2 + 1
4|f |2 G¯
2∂2G2 − 1
16|f |6G
2G¯2∂2G2∂2G¯2, (2.9)
which is the same with the result in Ref. [24], which is equivalent to the original VA action [1]
as shown in Ref. [35].
1The Lagrangian (2.3), which is realized with K = |Xˆ|2 and W = fXˆ, describes a general system with
a single nilpotent superfield in global SUSY, because Xˆ2 = 0 and other possible Ka¨hler and superpotential
terms given by ∆K = α + β(X + X¯) and ∆W = γ, where α, β, γ are constants, do not contribute to
Lagrangian.
3
2.2 Case with a matter multiplet
We extend the VA action given by Eq. (2.9) to the one coupled to matter multiplet Φ =
φ(y) +
√
2θχ(y) + θθF φ(y);
L =
∫
d4θ(Xˆ
¯ˆ
X + ΦΦ¯) +
[∫
d2θ(f(Φ)Xˆ + g(Φ)) + h.c.
]
=− ∂aφ∂aφ¯− ∂a
(
G2
2FX
)
∂a
(
G¯2
2F¯ X¯
)
+ i∂aχ¯σ¯
aχ+ i∂aG¯σ¯
aG
−
{
1
2
(f ′′X + g′′)χ2 + f ′Gχ+ h.c.
}
+ F φF¯ φ¯ + FXF¯ X¯ − {FXf + F φ(f ′X + g′) + h.c.}, (2.10)
where f(Φ) and g(Φ) are holomorphic functions of Φ, and the primes on f and g denote the
derivative with respect to φ. In this case, for a technical reason, we first solve the E.O.M of
F φ before solving that of FX . Taking a variation for F¯ φ¯, we obtain
F φ = f¯ ′X¯ + g¯′ (2.11)
and substituting the solution into Eq. (2.10), simplified Lagrangian is written as follow
L =− ∂aφ∂aφ¯− ∂a
(
G2
2FX
)
∂a
(
G¯2
2F¯ X¯
)
+ i∂aχ¯σ¯
aχ+ i∂aG¯σ¯
aG
−
{
1
2
(f ′′X + g′′)χ2 + f ′Gχ+ h.c.
}
− |f ′X + g′|2
+ FXF¯ X¯ + (FXf + h.c.). (2.12)
To obtain the on-shell action, we next have to solve the E.O.M of FX which can be obtained
by a variation of F¯ X¯ ;
FX − G¯
2
2(F¯ X¯)2
[
∂2
(
G2
2FX
)
− 1
2
f¯ ′′χ¯2 − f¯ ′g′
]
+ f¯ − G
2G¯2
4|FX |2
|f ′|2
F¯ X¯
= 0. (2.13)
Performing the same method used to solve Eq. (2.4), we obtain the solution of Eq. (2.13);
FX =− f¯
[
1 +
1
|f |2
(
G¯2
2f
){
∂2
(
G2
2f¯
)
+
1
2
f¯ ′′χ¯2 + f¯ ′g′
}
+
G2G¯2
4|f |6
{
|f ′f |2 − 2|f¯ ′′χ¯2/2 + f¯ ′g′|2 −
(
∂2
(
G2
2f¯
)
(f ′′χ2/2 + f ′g¯′) + h.c.
)}
− 3
16|f |8G
2G¯2∂2G2∂2G¯2
]
. (2.14)
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Substituting the solution into Eq. (2.12), we obtain the on-shell Lagrangian in Eq. (2.10);
L =− (|f |2 + |g′|2)− ∂aφ∂aφ¯+ i∂aχ¯σ¯aχ+ i∂aG¯σ¯aG
−
(
f ′Gχ+
1
2
g′′χ2 − f
′g¯′
2f¯
G2 + h.c.
)
+
G¯2
2f
∂2
(
G2
2f¯
)
− |f
′|2
4|f |4 (|f |
2 + |g′|2)G2G¯2 +
(
f ′′
4f¯
G2χ2 + h.c.
)
−
(
f ′f¯ ′′g¯′
8|f |4 χ¯
2G2G¯2 +
ff ′g¯′
8|f |6G
2G¯2∂2G2 + h.c.
)
− 1
16|f |6G
2G¯2∂2G2∂2G¯2 − |f
′′|2
16|f |4G
2G¯2χ2χ¯2 −
(
ff ′′
16|f |6G
2G¯2χ2∂2G2 + h.c.
)
. (2.15)
The Lagrangian (2.15) has not only the higher order terms of Gα as in the previous case but
also the higher order interactions between Gα and the matter fermion χ. Such higher order
corrections are suppressed by
√|〈f〉|, which would be the order parameter of the SUSY
breaking. If SUSY breaking scale is sufficiently high compared to the energy scale of collider
experiments, the effects of those interactions are not important, as discussed in Ref. [19].
However, in the early universe, such as the reheating era, the energy scale of the momenta
is much higher than
√|〈f〉|. In such a case, the higher order terms shown in Eq. (2.15) may
become important.
3 VA multiplet action in SUGRA
3.1 Case without matter multiplets
In the previous section, we have derived the action of the VA multiplet in global SUSY. In
the following, we discuss the one coupled to SUGRA. Even in such a case, we can derive the
on-shell action through the same procedure we did in the previous section.
To construct the action, we use the conformal SUGRA formulation [36, 37, 38, 39],2 with
which we can avoid tedious field redefinition procedure associated with Poincare´ SUGRA.
In this section, we use the notation in the Ref. [40]. In conformal SUGRA, the constraint
on the VA multiplet can be written as in the global SUSY case:
Xˆ2 = 0, (3.1)
where Xˆ is the chiral VA multiplet whose Weyl and chiral weights, denoted by w, and n
2For review, see Ref. [40].
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respectively, are (w, n) = (0, 0).3 We can solve Eq. (3.1) and obtain
X =
G¯PLG
2FX
, (3.2)
where X , PLG, and F
X are the scalar, the fermion, the auxiliary components of Xˆ re-
spectively, and PL is a chirality projection operator. The action of the chiral multiplet is
generically given by
S =
[−3S0S¯0e−K/3]D + [S30W ]F , (3.3)
where S0 denotes the chiral compensator with (w, n) = (1, 1), [· · · ]D,F denote the D- and
F-term density formulae respectively. K and W are Ka¨hler and superpotential respectively.
Here we choose the following K and W ,
K =|X|2, (3.4)
W =fX +W0, (3.5)
where f and W0 are complex constants. To fix unphysical parts of the superconformal
symmetry, we put the following conventional gauge conditions [41] on the action (3.3),
S0 = S¯0 = e
K/6, PLχ
0 − 1
3
eK/6X¯PLG = 0, bµ = 0 (3.6)
where we use the Planck unit convention (Mpl ∼ 2.4 × 1018GeV = 1), the first condition
corresponds to the dilatation and U(1)T ones, the second corresponds to the S-SUSY one,
PLχ
0 denotes the fermionic component of S0, bµ is the gauge field of dilatation, and the last
condition corresponds to the special conformal boost one. Under these gauge conditions, the
action (3.3) contains the auxiliary fields Aµ and F
0 which are the U(1)T gauge field and the
auxiliary component of S0 respectively. We can eliminate them by E.O.M of them, and then
we obtain the following action:
L =1
2
(R − ψ¯µRµ + LSGT )− ∂µX∂µX¯ − 1
2
(G¯PL/∂G+ G¯PR/∂G)− 1
4
(G¯PL/∂XGX¯ + h.c.)
− 1
8
(G¯PLG)(G¯PRG)− e
K/2
2
{(
2fX¯ + X¯2W
)
+ h.c.
}
+ 3eK |W |2 + |FX |2 + (eK/2DXWFX + h.c.)
+
1√
2
{
ψ¯µ/∂X¯γ
µPLG+ h.c.
}− 1
2
(ψ¯µPLG)(ψ¯
µPRG)
+
i
16
ǫabcd(ψ¯aγbψc)G¯PRγdG+
i
8
ǫabcd(ψ¯aγbψc)(X¯∂dX −X∂dX¯){
1√
2
eK/2DXWψ¯µγ
µPLG+
1
2
eK/2Wψ¯µPRγ
µνψν + h.c.
}
, (3.7)
3The Weyl and the chiral weights are the charges under the dilatation and U(1)T , which are parts of the
superconformal symmetry.
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where
Rµ = γµνρ
(
∂ν +
1
4
ωabν γab
)
ψρ, (3.8)
LSGT = 1
16
[−(ψ¯µγνψρ)(ψ¯µγνψρ)− 2(ψ¯µγνψρ)(ψ¯µγρψν) + 4(ψ¯µγµψν)(ψ¯ργρψν)] (3.9)
Taking into account the fact that X = G¯PLG/(2F
X), we obtain the following E.O.M by the
variation of F¯ X¯ ,
FX + f¯ + W¯0X +
3
2
f¯ |X|2 −
[
X + 3W0f¯ + 3|f |2X − fG¯PLG +
(
W0 +
3
2
fX
)
FX
+
3
2
f¯XF¯ X¯ − 1√
2
∇ν(ψ¯µγνγµPLG) + i
8
ǫµνρσψ¯µγνψρ∂σX +
i
8
∇σ(ǫµνρσψ¯µγνψσX)
+
1√
2
W0ψ¯
µγµPLG+
1
2
W0Xψ¯µPRγ
µνψν +
1
2
(f¯ + W¯0X)ψ¯µPLγ
µνψν
]
X¯
F¯X
= 0. (3.10)
As in the case of Sec. 2, we can substitute the ansatz (2.5) to the E.O.M, and obtain the
following set of equations from the each coefficient of the series of G¯PLG and G¯PRG,
A =− f¯ , (3.11)
B =− W¯0
2A
, (3.12)
C =
1
2A¯2
[

(
G¯PLG
2A
)
+ 3W0f¯ +W0A− 1√
2
∇ν(ψ¯µγνγµPLG)
+
i
4
ǫµνρσψ¯µγνψρ∇σ
(
G¯PLG
2A
)
+
1√
2
W0ψ¯µγ
µPLG +
1
2
f¯ ψ¯µPLγ
µνψν
]
, (3.13)
D =
CW0
2A2
− C∇µG¯PR∇
µG
4|A|4 +
BW0
2A¯2
− C¯
2
A¯3
[∇µG¯PL∇µG
2A
+ 3W0f¯ +W0f¯ +W0A− 1√
2
ψ¯µγνγ
µ∇νPLG+ 1
2
f¯ ψ¯µPLγ
µνψν
]
− 1
4|A|2
[
−3|f |
2
A¯
+
fA
2A¯
− i
8A¯
ǫµνρσ∇σ(ψ¯µγνψρ)− W0
2A¯
ψ¯µPRγ
µνψν − W¯0
2A¯
ψ¯µPLγ
µνψν
]
.
(3.14)
These equations uniquely determine the value of A, B, C, and D. Thus, we can obtain the
solution of the E.O.M (3.10). The explicit solution for FX is complicated, and so we omit it
here.
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By substituting the on-shell expression of FX into Eq. (3.7), we obtain the on-shell
Lagrangian as4
L =1
2
(R− ψ¯µRµ + LSGT )− 1
2
(G¯PL /∇G+ G¯PR /∇G)− |f |2 + 3|W0|2 − 1
8
(G¯PLG)(G¯PRG)
+
[
−fW¯0
f¯
G¯PLG+
1√
2
fψ¯µγ
µPLG +
W0
2
ψ¯µPRγ
µνψν + h.c.
]
− 1
4|f |2∇µ(G¯PLG)∇
µ(G¯PRG)− 1
2
(ψ¯µPLG)(ψ¯
µPRG) +
i
16
ǫµνρσ(ψ¯µγνψρ)(G¯PRγσG)
−
(
W0
2
√
2f
G¯PRGψ¯µγ
µPLG+
f
4f¯
G¯PLGψ¯µPRγ
µνψν + h.c.
)
− 1
2
√
2
[
1
f
ψ¯µ /∇(G¯PRG)γµPLG+ h.c.
]
+
i
32|f |2 ǫ
µνρσ(ψ¯µγνψρ)
(
G¯PRG∇σ(G¯PLG)− G¯PLG∇σ(G¯PRG)
)
+
(G¯PLG)(G¯PRG)
4|f |2
[
−4|f |2|Cˆ|2 + 4|f |2 + 2|W0|2 +
{
W0
4
ψ¯µPRγ
µνψν + h.c.
}]
(3.15)
where Cˆ on the fifth line is defined as
Cˆ ≡ 1
2f 2
[
2W0f¯ − ∇µG¯PL∇
µG
2f¯
− 1√
2
ψ¯µγ
νγµ∇νPLG+ f¯
2
ψ¯µPLγ
µνψν
]
. (3.16)
The fermion PLG is the Goldstino in this system, and therefore, we take the unitary
gauge PLG = 0. Under the gauge condition, the Lagrangian (3.15) takes a very simple form
given by
L =1
2
(R− ψ¯µRµ + LSGT )− |f |2 + 3|W0|2 +
[
W0
2
ψ¯µPRγ
µνψν + h.c.
]
. (3.17)
The Lagrangian (3.17) corresponds to the one in Ref. [31] if we set W0 = 0. This La-
grangian describes the pure supergravity system containing a graviton, a massive gravitino
with |m3/2| = |W0|, and a cosmological constant Λ = −|f |2 + 3|W0|2.
3.2 Case with a matter multiplet
Let us extend the result shown in the previous subsection to the matter coupled one. Al-
though, in principle, we can construct a system with multiple chiral matter multiplets and
4We would like to Magnus Tournoy for pointing out the last term missing in our previous version.
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gauge multiplets, we discuss a simple case where there is a single chiral matter multiplet Φ.
We assume the following Ka¨hler and superpotential,
K =Kˆ(Φ, Φ¯) + |X|2, (3.18)
W =f(Φ)X + g(Φ), (3.19)
where Kˆ(Φ, Φ¯) is a real function of Φ and Φ¯, f(Φ) and g(Φ) are holomorphic functions of Φ.
We can obtain the off-shell Poincare´ SUGRA action by substituting K and W into Eq. (3.3)
with the following superconformal gauge conditions, instead of the ones in Eq. (3.6),
S0 = S¯0 = e
K/6, PLχ
0 − 1
3
eK/6(X¯PLG+ KˆΦPLχ) = 0, bµ = 0, (3.20)
where KˆΦ denotes the derivative of Kˆ with respect to Φ.
The off-shell Lagrangian is
L =1
2
(R− ψ¯µRµ + LSGT )−KIJ¯∇µzI∇µz¯J¯ −
1
2
KIJ¯(χ¯
IPL /∇χJ¯ + χ¯J¯PR /∇χI){
1
2
χ¯JPL /∇zIχK¯(KIJK¯ −
1
2
KIKJK¯) + h.c.
}
+
1
4
(χ¯IPLχ
J)(χ¯K¯PRχ
L¯)(KIJK¯L¯ −
1
2
KIK¯KJL¯)
+
{
−1
2
e
K
2 (WIJ +KIWJ +KJWI +KIJW +KIKJW )χ¯
IPLχ
J + h.c.
}
+
{
1√
2
KIJ¯ ψ¯µ /∇z¯J¯γµPLχI + h.c.
}
− 1
2
KIJ¯(ψ¯µPLχ
I)(ψ¯µPRχ
J¯)
i
16
ǫµνρσKIJ¯(ψ¯µγνψρ)χ¯
J¯PRγσχ
I +
i
8
ǫµνρσ(ψ¯µγνψρ)(KI∇σzI −KJ¯ z¯J¯ ){
1
2
e
K
2 DIWψ¯µγ
µPLχ
I +
1
2
e
K
2 Wψ¯µPRγ
µνψν + h.c.
}
+ 3eK |W |2 +KIJ¯F IF¯ J¯ −
1
2
(F¯ K¯ χ¯IPLχ
JKIJK¯ + h.c.) + (e
K
2 DIWF
I), (3.21)
where I, J · · · = Φ, X , zΦ = φ, zX = X , χΦ = ψ, and χX = G and DIW ≡WI +KIW .
As in the same way performed in Sec. 2 and 3.1, we can solve the E.O.M of the auxiliary
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field FX straightforwardly. Therefore, we just show the resultant on-shell action:
L =1
2
(R− ψ¯µRµ + LSGT )−KΦΦ¯∂µΦ∂µΦ¯−
1
2
KΦΦ¯(χ¯PL /∇χ + χ¯PR /∇χ)
− 1
2
(G¯PL /∇G+ G¯PR /∇G)− |fˆ |2 + 3|gˆ|2 −KΦΦ¯|m˜Gχ|2{
1
2
χ¯PL /∇Φχ(KΦΦΦ¯ −
1
2
KΦKΦΦ¯)−
1
4
KΦG¯PL/∂ΦG + h.c.
}
+
1
4
(χ¯PLχ)(χ¯PRχ)(KΦΦΦ¯Φ¯ −
1
2
KΦΦ¯KΦΦ¯ −KΦΦΦ¯KΦΦ¯KΦΦ¯Φ¯)
− 1
4
KΦΦ¯(G¯PLχ)(G¯PRχ)−
1
8
(G¯PLG)(G¯PRG)
− 1
2
(mχχχ¯PLχ+mGχG¯PLχ + h.c.) +
1√
2
KΦΦ¯(ψ¯µ/∂Φ¯γ
µPLχ + h.c.)
− 1
2
KΦΦ¯(ψ¯µPLχ)(ψ¯
µPRχ)− 1
2
(ψ¯µPLG)(ψ¯
µPRG)
+
i
16
ǫµνρσKΦΦ¯ψ¯µγνψρχ¯PRγσχ+
i
16
ǫµνρσψ¯µγνψρG¯PRγσG+
i
8
ǫµνρσψ¯µγνψρ(KΦ∂σΦ−KΦ¯∂σΦ¯)
+
i
32|f |2 ǫ
µνρσ(ψ¯µγνψρ)
(
G¯PRG∇σ(G¯PLG)− G¯PLG∇σ(G¯PRG)
)
+
{
1√
2
m˜Gχψ¯ · γPLχ+ 1√
2
fˆ ψ¯ · γPLG+ 1
2
gˆψ¯µPRγ
µνψν + h.c.
}
− 1
4
∇µ
(
G¯PLG
fˆ
)
∇µ
(
G¯PRG
fˆ
)
− 1
16
{
1
fˆ
G¯PRGχ¯RLγ
µχ∇µ
(
G¯PLG
fˆ
)
+ h.c.
}
(
− fˆ gˆ
fˆ
G¯PLG+
1
4fˆ
m˜χχχ¯PLχG¯PLG+
1
4fˆ
m˜χGG¯PLχG¯PRG+ h.c.
)
− 1
2
√
2
{
mGχ
G¯PLG
fˆ
ψ¯ · γPLχ + gˆ G¯PRG
fˆ
ψ¯ · γPLG + h.c.
}
−
(
fˆ
4fˆ
G¯PLGψ¯µPRγ
µνψν + h.c.
)
+
KΦΦ¯
2
{
m˜GχmGχ
G¯PRG
fˆ
+ h.c.
}
(G¯PLG)(G¯PRG)
4|fˆ |2
[
−4|fˆ |2|Cˆ|2 + 2|gˆ|2 + 4|fˆ |2 −KΦΦ¯|mGχ|2 − 1
4
(mχχχ¯PLχ + h.c.)
+
{
1
2
√
2
m˜Gχψ¯ · γPLχ + 1
4
gˆψ¯µPRγ
µνψν + h.c.
}]
, (3.22)
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where
fˆ = eKˆ/2f, (3.23)
gˆ = eKˆ/2g, (3.24)
mχχ = e
Kˆ/2[g′′ + 2KΦg
′ +KΦΦg +KΦKΦg − ΓΦΦΦ(g′ +KΦg)], (3.25)
mGχ = e
Kˆ/2(f ′ +KΦf), (3.26)
m˜χχ = e
Kˆ/2[f¯ ′′ + 2KΦ¯f¯
′ +KΦ¯Φ¯f¯ +KΦ¯KΦ¯f¯ − ΓΦ¯Φ¯Φ¯(f¯ ′ +KΦ¯f)], (3.27)
m˜Gχ = e
Kˆ/2(g′ +KΦg), (3.28)
Cˆ = 1
2fˆ 2
[
2gˆfˆ − 1
2
m˜χχχ¯PRχ− 1
2
√
2
ψ¯νγ
µγν(∇µPLG) + 1
2
√
2
mGχψ¯ · γPRχ
+
1
2
fˆ ψ¯µPLγ
µνψν − ∇µG¯PL∇
µG
2fˆ
]
. (3.29)
4 Summary
In this work, we have constructed the action of the VA multiplet coupled to matter multiplet
in global SUSY and SUGRA. The scalar component of the VA multiplet is related to its
fermionic and auxiliary components as shown in Eq. (2.2) due to the nilpotent condition
Xˆ2 = 0. Such a constraint makes the E.O.M of the auxiliary field complicated, however,
nonlinear terms in E.O.M are coupled to the fermion bilinear G¯PLG and (or) G¯PRG. Because
of such a special structure of E.O.M, we can solve it in a systematic way, which we have
performed in Sec. 2 and 3.
As shown in Eqs. (2.15) and (3.22), in cases with a matter multiplet, the higher order
interactions between the VA fermion and the matter fermion appear, which are suppressed by
not the Planck mass but
√|〈f〉|. As we mentioned, such couplings may become important
for high scale physics, such as the reheating after inflation and the gravitino production
during it. We expect that our construction is useful for a study of the phenomenological
and cosmological consequences of the VA multiplet. For example, the action coupled to
SUGRA enable us to discuss the perturbative and non-perturbative productions of gravitino
as discussed in Refs. [42, 43]
The Dirac-Born-Infeld type action in 4 dimensional N = 1 SUGRA is also described
by the system with the VA and gauge multiplets [44]. Our method is also applicable to
constructing the component expression of such an action, which contain the higher order
terms of gaugino. We will study such a system elsewhere.
11
Note added
While we were completing this work, the paper [45] by Bergshoeff et al. appeared. They also
discussed the model in Sec.3.1 of this paper. In Ref. [45], they used the superconformal gauge
condition which is different from ours (3.6). With our choice of the gauge conditions, the
coupling between Ricci scalar and the VA fermion is absent, while the Lagrangian shown in
Ref. [45] contains such a non-minimal coupling, therefore the form of the Lagrangian seems
different.
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